Information about blood lead and other coronary heart disease risk factors was coliected in 1977 among 152 men aged 57 to 76 years in the town of Zutphen, the Netherlands. Blood lead was determined by atomic absorption spectrometry. The blood lead distribution was skewed to the right.
Introduction
Descriptive data on serum and blood trace-metal distributions in elderly populations are scarce. Trace metals are of interest in relation to coronary heart disease risk because lead and cadmium have been suggested to play a role in the etiology of hypertension (1) (2) (3) (4) . Zinc, copper, and lithium may also be related to coronary heart disease risk (5, 6) . It was therefore decided to collect information on these trace elements in blood in a subgroup of 152 men aged 57 to 76 who participated in 1977 in the 15th round of the Zutphen Study. The major risk factors for coronary heart disease, e.g., blood pressure, serum total cholesterol, cigarette smoking, and Quetelet Index (weight/height2) were also measured. Information about coronary heart disease incidence was collected during the period 1977 to 1985 . In this paper the relation between blood lead, blood pressure, and coronary heart disease incidence will be described.
Materials and Methods
Since 1960, a longitudinal investigation of the relations between diet, other risk factors, and coronary heart disease has been carried out among middle-aged Blood lead was significantly positively associated to systolic blood pressure (r = 0.24, p < 0.01) and diastolic blood pressure (r = 0.18, p < 0.05). Multiple regression analysis with systolic blood pressure as the dependent variable and blood lead, age, and Quetelet Index as independent variables showed that the standardized regression coefficient for blood lead was reduced to 0.21 (p < 0.01). When a similar model was used for diastolic blood pressure, the standardized regression coefficient for blood lead was reduced to 0.15 (p = 0.05).
The multiple regression coefficient for blood lead on blood pressure after adjustment for age and Quetelet Index suggests that an increase of 10 gg/L blood lead is associated with an increase of 0.6 mm Hg in systolic and an increase of 0.3 mm Hg in diastolic blood pressure (Table 3) . The relation between blood lead and blood pressure might be influenced by the skewed distribution of blood lead. In order to gain insight into the stability of this relation, the individual with the highest blood lead level (525 ,ug/L), who also had hypertension (218/138 mm Hg), was excluded from the analysis. Thereafter, a borderline significant correlation was found between blood lead and systolic blood pressure, and the correlation between blood lead and diastolic blood pressure became insignificant. The relation between blood lead and systolic blood pressure was no longer statistically significant after adjusting for age and Quetelet Index. The multiple regression coefficient was reduced from 0.06 before exclusion of the person with high blood lead and high blood pressure levels to 0.04 after exclusion of this person. Of the 141 elderly men free of coronary heart disease in 1977, 26 developed coronary heart disease between 1977 and 1985. Univariate analyses suggested a Ushaped relation between blood lead and coronary heart disease incidence. The lowest risk ratio was observed among men in the second and third quartile of the blood lead distribution. The relation between blood lead and coronary heart disease did not reach statistical significance in univariate analysis nor in multivariate analyses adjusting for systolic blood pressure, cigarette smoking, serum total cholesterol, and Quetelet Index (Table 4) .
Discussion
Blood lead levels found in the present study can be compared with those observed among men aged 56 to 72 in Sweden (3). The blood lead level of the Swedish men was 76 gg/L, compared to 167 jtg/L among the men in Zutphen. In a carefully standardized international cooperative study among men of an unspecified age range (14, 15) , median levels below 100 ,ug/L were found among men from Sweden, China, and Japan. Levels between 100 and 200 ,ug/L were observed in men from the United States, Yugoslavia, India, and Peru. The highest median value, 271 ig/L, was found in Mexico City. Middle-aged men from England and West Germany had average values around 150 tg/L (16,1 7) . Comparisons between countries are difficult due to the confounding effects of alcohol, smoking, and traffic intensity on blood lead levels (13) (14) (15) 17) . In spite of these difficulties, it may be concluded that the blood lead levels of the elderly men in Zutphen ranked high internationally, with a median of 167 ,ug/L and 8.6% with levels above 300 jig/L and 1.3% with levels above 400 ,ug/L. Cigarette smoking was of borderline significance to blood lead. No dose-response relation was present. In other studies (13) (14) (15) , generally, a weak relation was also found between cigarette smoking and blood lead.
In the present study a positive association was found between blood lead and blood pressure. The association was stronger for systolic than for diastolic blood pressure. Additional analyses showed that this relation was influenced by one person with a high blood lead level who also had severe hypertension. After exclusion of this person, the regression coefficient was reduced from 0.06 to 0.04. These results suggest that in the elderly population of Zutphen a weak association was present between blood lead and blood pressure when blood lead levels were below 400 gg/L. The results also suggest that exposure to blood lead levels above 500 ug/L was associated with hypertension.
Consistency among results of different studies is one of the criteria to judge whether an association may be causal. Therefore, the results of Zutphen Study will be compared with those of the two largest epidemiologic studies on the relation between blood lead and blood pressure, the British Regional Heart Study and the NHANES II Study carried out in the U.S. (18, 19) . These studies also showed a stronger relation between blood lead and systolic blood pressure than between blood lead and diastolic blood pressure. After additional multivariate analyses with adjustment for site, similar statistically significant regression coefficients were observed for the relation between the natural logarithm of blood lead and systolic blood pressure, e.g., 2.09 and 3.23 (20) . The multiple regression coefficient for the natural logarithm of blood lead (gg/dL) on systolic blood pressure after adjusting for age and Quetelet Index in the Zutphen Study was 10.85 (95% confidence limits, 1.40-20.30). These results are consistent with the hypothesis that blood lead is related to systolic blood pressure. Nevertheless, blood lead is probably a less important determinant of blood pressure than age and Quetelet Index.
In the present study, no relation was found between blood lead and 8-year incidence of coronary heart disease after both univariate and multivariate analysis. A similar result was obtained in the British Regional Heart Study (21). These results suggest that blood lead seems not to be related to coronary heart disease incidence.
